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Before the 1990s, the problem of sandy desertification in
Tibet had not received much attention from the academic
circle. Since 1989, the Lanzhou Institute of Desert Research,
Chinese Academy of Sciences (now the Northwest Institute
of Eco-Environment and Resources, Chinese Academy of
Sciences) and other units have carried out 30 years of systematic research on the current situation and characteristics,
process and causes, trend and prevention strategies as well as
the technical system of desertification in Tibet, and established the theoretical system of land desertification in Tibet
[1–9]
. The following scientific understanding is obtained for
the first time. Tibet is one of the important areas of land
desertification in China, and desertification is one of the most
prominent ecological and environmental problems in Tibet,
which not only causes serious damage and harm to the ecological environment of Tibet and the production and life of
people, but also has a negative impact on the ecological environment of China, Southeast Asia and even the world [7].
On this basis, the research team, in cooperation with relevant
units in Tibet, conducted experimental and demonstration
studies on the prevention and control ways, measures and
modes of desertification land in Tibet [6,7,10–14], and proposed
the comprehensive prevention and control technology for
desertification land in Tibet, which directly serves the comprehensive control practice of desertification in Tibet and has
achieved significant results.

1 Major scientific advance in the study of
sandy desertification in Tibet
1.1 Finding out the situation, distribution characteristics, and change trend of sandy desertification
in Tibet
Based on multiple surveys of sandy desertification and
multi-phase remote sensing monitoring data, the basic data
such as the type, degree, quantity, and spatial distribution
pattern of sandy desertification in key areas of Tibet and 67
counties (county-level cities and districts) in 7 prefectures
(prefecture-level cities) of Tibet in different periods have
been found out. The dynamic change process of sandy desertification in Tibet over the past 30 years has been clarified,
and comprehensive survey and monitoring of sandy desertification in the Tibetan Plateau have been completed.

1.1.1 Situation and distribution characteristics of
sandy desertification in Tibet
The sandy desertification land of the Tibetan Plateau is
large with wide distribution and serious harm. From 1989 to
1991, through remote sensing image interpretation and field
investigations, detailed data on the area of sandy desertification land in Tibet were obtained, which became the background data of sandy desertification land in Tibet. In 1990,
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sandy desertification land was distributed in 65 counties
(county-level cities and districts) in 7 prefectures (prefecture-level cities) of Tibet (Figure 1), with a total area of
199,743.46 km2, accounting for 16.61% of the total land area
(1,202,996.47 km2) of Tibet. There were 3,364.64 km2 extremely severe-severe sandy desertification land, 111,786.27
km2 moderate sandy desertification land, and 84,592.55 km2
slight sandy desertification land, accounting for 1.69%,
55.96%, and 42.35% of the total area of sandy desertification
land in Tibet respectively. A total of 65 counties (county-level
cities and districts) in Tibet have suffered from sandy desertification. At the same time, the potential sandy desertifica-

Figure 1

Figure 2

tion land was distributed in 34 counties (county-level cities
and districts) in 7 prefectures (prefecture-level cities), with an
area of 13,651.80 km2, accounting for 1.14% of the total area
of Tibet.
It is found that the sandy desertification land in Tibet is
widely distributed in the intermountain basins, river valleys,
lake basins, piedmont alluvial-proluvial plains and other
geomorphic units in various natural zones, mainly concentrated in the central and western parts of the northern Tibetan
Plateau, the western Ngari Plateau, the Yarlung Zangbo River
Valley, and the valley in the middle reaches of Pumqu River
(Figure 2). The sandy desertification lands of all levels and

Distribution of sandy desertification land in Tibet in 1999

Sandy land and typical climbing sand (dune) land in the Yarlung Zangbo River Valley, Tibet
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types have similar landscape characteristics to the natural
territorial system in which they are located. The Three-river
Valley in eastern Tibet forms the type of sandy desertification
land in arid valley of subalpine sparse shrub steppe characterized by scrub-grassland dunes. In south Tibetan valley, the
type of sandy desertification land in the valley of subalpine
shrub steppe is formed, which is characterized by concentrated and continuous dunes of various forms. In northern
Tibet and northwestern Tibet, a large area of sandy gravel
land and the type of sandy desertification land in alpine
steppe and meadow characterized by patchy dunes are
formed.

1.1.2 Analysis on changes of sandy desertification in
Tibet over 30 years
In the 1990s, the deforestation and reclamation due to
population growth, increased livestock carrying capacity, and
fuel shortage caused the expansion of sandy desertification in
Tibet and increased degree of damage. Shiquanhe Town in
Ngari, Duobutang Village in Shigatse, and Langmujie
Sekang Village in Sangda Township, Doilungdêqên County,
Lhasa City have all faced the risk of relocation due to sand
burial. By 1999, the area of sandy desertification land in Tibet
reached 201,895.47 km2 (Table 1), accounting for 16.79% of
the total land area in the region. In the past 10 years, the area
of sandy desertification land has expanded by 2,152.01 km2.
The area of extremely severe-severe sandy desertification
land expanded to 4,142.98 km2, the area of moderate sandy
desertification land expanded to 113,658.23 km2, and the area
of slight sandy desertification land decreased slightly to
84,094.26 km2. At this stage, the sandy desertification land in
Tibet showed increasing trends in both area and degree.
At the beginning of the 21st century, the research and
prevention and control demonstration of sandy desertification
in Tibet were fully carried out, and sandy desertification
control technologies were promoted and applied in some
areas. According to the third desertification monitoring report
of Tibet Autonomous Region in 2005, from the late 1990s to
Table 2

Table 1
to 2014

Change of sandy desertification area in Tibet from 1990

the beginning of the 21st century, the area of sandy desertification land in Tibet has expanded from 201,895.47 km2 to
202,327.83 km2 (Table 2), accounting for 16.82% of the land
area of the whole region. The area has expanded by 432.36
km2 in five years. Compared with the changes in nearly 10
years from the early 1990s to the late 1990s, the expansion
rate decreased significantly (the expansion area decreased by
1,719.64 km2). In Qamdo, Lhasa, and Nyingchi, the sandy
desertification land showed a significant decrease, and the
sandy desertification area of the three regions decreased by
1,430.71 km2, 833.26 km2, and 533.18 km2, respectively. The
better news is that the area of extremely severe-severe sandy
desertification land increased from 4,142.98 km2 to 4,173.18
km2, with an increase of only 30.2 km2 in five years, far lower
than the growth of 778.34 km2 from the early 1990s to the late
1990s. The area of moderate sandy desertification land increased from 113,658.23 km2 to 113,734.50 km2, with an
increase of 76.27 km2 over five years, far lower than the
growth of 1,871.93 km2 from the early 1990s to the late
1990s. The area of slight sandy desertification land expanded
from 84,094.26 km2 to 84,420.15 km2, with an increase of
325.89 km2 in five years (Table 3).
In general, the momentum of the expansion of sandy desertification in Tibet has been effectively curbed at this stage. The
growth rate has been greatly reduced, and the harm extent

Area of different degrees of sandy desertification land in Tibet from 1990 to 2014 (Unit: km2)

Note: The area of sandy desertification land does not include abiotic sand-control engineering land and bare sandy land.
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Table 3

Changes in the area of different degrees of sandy desertification land in Tibet from 1990 to 2014 (Unit: km2)

of sandy desertification has been gradually reduced. The
central government and government departments at all levels
in Tibet have paid great attention to and invested in the desertification combating in Tibet and achieved excellent results
and returns.
The sand control projects implemented after the 1990s
have shown initial ecological benefits. The ecological environment of the sandy desertification area has gradually improved, and a turning point appeared in 2003 (Figure 3), at
which the sandy desertification land began to decrease and
there was a trend of reversal. Tibet has entered the stage of
comprehensive control and ecological restoration, namely the
stage at which the ecological environment of sandy desertification was improved. In the 21st century, the country and
the Tibet Autonomous Region have increased efforts to protect the ecological environment and control sandy desertification in Tibet. According to the fourth and fifth
desertification monitoring reports of the Tibet Autonomous
Region, the area of sandy desertification land in the region
has been decreasing year by year, and the expansion rate has
decreased. The sandy desertification area tends to be relatively stable in the past decade.

Figure 3 Change trend of sandy desertification land in Tibet
from 1990 to 2014

1.2 Establishing a theoretical system of sandy
desertification in Tibet with plateau features
The theoretical research on sandy desertification in Tibet
started from ―zero‖ and established a theoretical system of
sandy desertification in Tibet with plateau features. It fills
the gaps in the study of sandy desertification in Tibet and
has been recognized by academic circles in China and other
countries. It has provided an important scientific basis for
the Chinese government to fully implement the United

Nations Convention to Combat Desertification.
(1) Establishing an indicator system for the classification and gradation of sandy desertification in Tibet with
plateau features. It has broken through the understanding of
the distribution and type classification of sandy desertification land. According to the aeolian landform, landscape
characteristics, and distribution of sandy desertification
land in Tibet, the indicator system for the classification and
gradation of sandy desertification in Tibet with plateau
features is established [7] (Table 4).
(2) Revealing the evolution of sandy desertification in
Tibet. In typical sandy desertification regions such as the
northern Tibetan Plateau, the valley and lake basin in
southern Tibet, the Ngari Plateau, and the Three-river
Valley in southeast Tibet, on the basis of the combination of
geological profile survey and historical climate analysis,
the geological-historical evolutionary process of sandy
desertification in Tibet is analyzed. The mechanism that
affects the formation and reversal of sandy desertification
land under the influence of modern climate and environmental conditions and human activities is clarified. The
complex feedback relationship of the development and
reversal of sandy desertification with climate change and
human social-economic activities is discussed. The dynamic model of the occurrence and development of regional sandy desertification is established, and the modern
process of physics and biology of sandy desertification in
Tibet is revealed. Qualitative analysis and quantitative
research are combined to evaluate the contribution of climate change and human activities to sandy desertification
in Tibet. The driving factors and dynamic mechanism of the
development and evolution of sandy desertification in Tibet
are fully and systematically revealed [16–20].
(3) Clarifying the unique features of river valley aeolian
landform of Tibetan Plateau. Through in-depth research on
the formation mechanism and evolution mode of the aeolian
landform developed in the river valley and lake basin, the
relationship between special types of aeolian landform and
the rise and fall of the plateau monsoon is revealed. Combined with the simulation of near-surface flow field and wind
vector characteristics of the river valley, the dynamic mechanism and development law of the formation of dunes and
dune groups in aeolian landforms of river valleys and lake
basins are innovatively explored [21,22] (Figure 4).
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Table 4 Classification and gradation of sandy desertification in
Tibetan Plateau

1.3 Establishment of control technology system of
sandy desertification in Tibet with plateau features
(1) Formulating regional strategies for the control of sandy
desertification in Tibet in line with the characteristics of the
Tibetan Plateau. On the basis of the current situation, causes,
trends, and control conditions of sandy desertification in
different regions of Tibet, a zoning map for the control of

Figure 4

sandy desertification in the Tibetan Plateau is compiled
(Figure 5). Four control areas have been determined, namely,
the valley and lake basin in southern Tibet, the northern Tibetan Plateau area, the Ngari Plateau, and the Three-river
Valley in southeast Tibet. The ideas, measures, and technical
modes for the control of sandy desertification in each area are
clarified. Thus, the implementation of major projects and
tasks for desertification combating is effectively promoted.
The control plan for sandy desertification land in Tibet is
compiled for the first time, and the control zoning, the layout
of sand control projects, and the key points of control are
formulated. The basic strategy, overall layout, and technical
measures for desertification combating in Tibet are put forward [4,7,11]. The optimization model for the comprehensive
control of sandy desertification in the four control areas has
been determined, which has guided the practice of sandy
desertification combating in Tibet and has been adopted by
relevant departments in Tibet.
(2) Establishing demonstration areas for the control of
sandy desertification of farmland, grassland, and highways in
Tibet. ① According to the unique natural environment
characteristics of the plateau and the economic and social
development situation of Tibet, with the aim of improving the
ecological quality of the plateau and starting from comprehensive control and efficient utilization, experiments and
application demonstrations have been carried out on the
control of sandy desertification lands in Tibet such as farmland, grassland, and highways, which involve engineering,
biological, and comprehensive management measures. The
technological model for the control of different types of
sandy desertification lands in the alpine region of Tibet has
been innovated, and remarkable results have been achieved.
It provides a typical example for the promotion of sandy

Comprehensive profile of aeolian landform of wide valleys in Mainling and Lhoka along the Yarlung Zangbo River

I, Fluviation zone; II, Wind-water interaction zone along floodplain; III, Terrace wind-dominated zone; IV, Wind-water interaction zone at valley slope.
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Figure 5

Zoning map of desertification combating in Tibetan Plateau

desertification control technology in Tibet and promotes the
implementation of sandy desertification control projects in
key areas. ② The comprehensive control and experiment
demonstration area of sandy desertification land in Jiangdang, Shigatse, the promotion demonstration area of restoration of degraded grassland in northern Tibetan Plateau, and
the sand hazard control demonstration area of Bayi–Qiongduo River Highway are established. The experimental research and application demonstration of the control
technology of sandy desertification lands in Tibet such as
farmland, grassland, and highways have been carried out
systematically [6,7,11,23], and they are still producing comprehensive benefits. They have guided the implementation of
sandy desertification control projects in key areas of Tibet
and provided typical examples for the promotion of sandy
desertification control technologies in Tibet.

2 Development trend and control effect of
sandy desertification in Tibet
2.1 Causes and trends of sandy desertification in
Tibet
The main part of the Tibetan Plateau is dominated by
semi-humid, semi-arid, and arid climate of the plateau cold
temperate zone. The ecological environment is relatively
fragile, highly changeable, and extremely sensitive to environmental evolution. The occurrence and development of
sandy desertification are affected by natural driving forces
and human driving forces. Climate change and excessive
human activities are the two most important driving forces in

the process of sandy desertification. Among the natural
driving forces, climate aridification has stimulated the potential factors of sandy desertification, such as soil desiccation, vegetation degradation, wind erosion, strong
evaporation, and freeze-thaw action. Among the human
driving forces, excessive human activities such as
over-reclamation, excessive firewood collection, and overgrazing are the dominant driving forces to accelerate the
process of sandy desertification, and there is also a stimuli-response mechanism between them and degraded land. The
superposition of natural driving forces and human driving
forces stimulates the potential factors and driving forces of
sandy desertification, and they interact, stimulate, and promote each other, making the normal natural sandy desertification process develop into the human-accelerated sandy
desertification process [24–26].
The Tibetan Plateau has a fragile environmental matrix for
sandy desertification, which has a high inherent risk of sandy
desertification. As the climate changes to drought, the process of natural sandy desertification gradually develops. In
addition, the over-exploitation of land resources by humans
further destroys the originally poor surface vegetation and the
gravel-rich surface soil structure, which stimulates the potential factors of sandy desertification, aggravates the process
of natural sandy desertification, and forms the human-accelerated sandy desertification process. In particular,
in the process of interaction between natural sandy desertification and human-accelerated sandy desertification, the
occurrence of sandy desertification results in the reduction of
available land area and the decrease in or even loss of production capacity and potential. It inevitably increases the
pressure of social and economic development on the re-
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sources and environment in the region, and then increases the
degree of over-exploitation of land resources again. It falls
into a vicious circle of ―sandy desertification development →
over-exploitation and over-utilization of land resources →
acceleration and aggravation of sandy desertification →
over-exploitation and over-utilization of land resources again
→ continuous acceleration and aggravation of sandy desertification.‖
Since 1959, the society and economy in Tibet have developed rapidly, and the living standards of people have been
raised rapidly. Meanwhile, the scale of production and the
technological level have been greatly improved. The population and the scope and intensity of activities have also expanded dramatically. The contradiction between these and the
fragile and vulnerable ecological environment and the limited
ecological environment capacity has become increasingly
serious. Furthermore, the over-exploitation of land resources
has become an important driving factor of sandy desertification in this area. In the second half of the 20th century, under
the influence of global change, the climate of the Tibetan
Plateau showed a trend of drying and warming. In particular,
there were many unusually warm years in the 1990s, and the
temperature increase was large. The annual average temperature was increased significantly, 0.5 ℃ higher than that of
the previous 30 years, and annual average precipitation decreased. The warming and drying trend of increasing temperature and decreasing humidity resulted in greatly
enhanced wind erosion on the plateau, weakened surface
resistance to wind erosion, and intensified and aggravated
normal natural sandy desertification. Studies have shown that
during this period, under the combined action of the
man-made
destruction
activities
dominated
by
over-reclamation, overgrazing, and excessive firewood collection as well as the climate warming and drying, the process
of sandy desertification in Tibetan Plateau was accelerated
and intensified, with the area of sandy desertification land
expanded and the degree of sandy desertification increased.
In 2003, the area of sandy desertification land in Tibet
reached the maximum.
In the 21st century, the Tibetan Plateau shows a warm and
humid climate characterized by a significant increase in
temperature and an increase in precipitation. The annual
average temperature in the region increases by 0.24 ℃ every
10 years, and the annual precipitation increases by 9.6 mm
every year. The evaporation, the number of gale days, and the
number of sandstorm days show significant decreases. Especially on February 18, 2009, the 50th Executive Meeting of
the State Council reviewed and approved the Planning for
Ecological Safety Barrier Protection and Construction in
Tibet (2008–2030) and implemented 10 projects in three
categories, which not only minimized the effect of human
activities on sandy desertification but also targeted the control of sandy desertification development and the spread of
sand land. The process of sandy desertification was weakened with the decrease in man-made destruction activities,

and the area and degree of sandy desertification were gradually reduced. Since the maximum sandy desertification area
appeared before 2003, the sandy desertification area in Tibet
has been slowly decreasing year by year. The wind-sand
control in typical areas of the Yarlung Zangbo River Valley
has achieved remarkable results. The area of sandy desertification land has decreased and the grade of severe sandy
desertification land has been lowered. The forests and grasses
in the sand land of the Yarlung Zangbo River Valley have
been restored, and the ecology has been greatly improved.
The replacement rate of traditional energy in pastoral areas of
northern Tibetan Plateau has reached 58.7%, and the proportion of new clean energy has increased.
At present, the trend of sandy desertification in the Tibetan
Plateau has been effectively curbed. However, due to the
vulnerability of the ecological environment of the Tibetan
Plateau, it is still vulnerable to degradation under the interference of nature and human activities. The best way to
promote ecological restoration and stabilize the fragile ecological environment is to strengthen control under favorable
environment and conditions of warm and humid climate. This
can not only ensure social stability, national unity, and national defense security but also counter the alarmist lies about
ecological environment deterioration in Tibet deliberately
fabricated by hostile forces in China and other countries.

2.2 Effectiveness of combating sandy desertification in Tibet
As of June 2009, the Tibet Autonomous Region has covered a total area of 426.67 km2 in desertification combating.
In the three years from 2006 to 2009, the whole region completed the construction of sand control projects with an investment of more than 60 million CNY. Demonstration sites
for the control of sandy desertification land have been established in areas of different types of sandy desertification, such
as Jiangdang Village of Shigatse City, Chabalang Village of
Qushui County in Lhasa City, Langsailing Village of
Zhanang County in Lhoka City, and Shiquanhe Town in
Ngari Prefecture. Sandy desertification control projects have
been carried out in key areas of sandy desertification hazards,
and the problem of sand hazards has been effectively controlled. People’s Daily Online reported on September 25,
2010 that ―the north bank of the Yarlung Zangbo River in
Lhoka of Tibet, which was plagued by sandstorms in the past,
is now full of green trees, and the whole Yarlung Zangbo
River is like a winding green corridor.‖ Xinhua News Agency
reported on August 12, 2011 that ―the blowing-sand weather
in Lhasa, Shigatse, and Zedang has decreased by 32 days, 34
days, and 32 days respectively each year and the threat of
relocation in Shiquanhe Town that has been damaged by
sandstorms has been basically removed.‖ On October 26,
2016, the State Council Information Office of China issued
the Performance Assessment on the Planning for Ecological
Safety Barrier Protection and Construction in Tibet
(2008–2014), pointing out that ―the sandy desertification area
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has been reduced and the wind-sand control in the engineering area has achieved remarkable results.‖
The review of the general survey, monitoring, research,
and control demonstration of sandy desertification in Tibet
over the past 30 years shows that the research on the situation
of sandy desertification in Tibet has gone through three
stages: general survey and scientific research, technology
demonstration and regional control, comprehensive control
and ecological restoration. With the strong support of relevant state departments and the government of the Tibet Autonomous Region, the investigation, research, control
demonstration, and promotion of control technologies for
sandy desertification land in Tibet have made great
achievements. The harm of sandy desertification has been
effectively curbed and the development trend of sandy desertification has been fundamentally reversed. With the
gradual manifestation of the control effectiveness, the ecological environment in Tibet has further accelerated its
transformation to a healthy direction.

3 Countermeasures and suggestions for desertification combating in Tibet
Due to the unique geographical location and fragile ecological environment of the Tibetan Plateau, the control of
sandy desertification land is bound to be a long-term and
arduous task. Especially in the ―one river and two tributaries‖
area where the contradiction between human and land is
prominent, and in the Ngari Plateau and the northern Tibetan
Plateau where the contradiction between grass and livestock
is intensified, the expansion and reversal of sandy desertification are in dynamic changes. Once the control of sandy
desertification land is relaxed, it is very likely to cause the
―resurgence‖ of sandy desertification. Therefore, on the basis
of the results achieved in the control of sandy desertification
land, it is suggested that the government of the Tibet Autonomous Region take the sandy desertification control as an
important part of the Planning for Ecological Safety Barrier
Protection and Construction in Tibet (2008–2030), and with
the support of relevant state departments, increase its support,
persevere for a long time, and pay a close attention to desertification combating.
(1) Formulating a plan for desertification combating in the
new era. In view of the new situation of the reversal of sandy
desertification in Tibet, the goals and ideas of desertification
combating should be adjusted, new control modes should be
studied, and control planning for the new era should be formulated. Under the guidance of the principle of ―overall,
phased, protective, and technological,‖ it is recognized from
the overall strategic height of the whole region that the focus
of control in different areas is different, the control measures
in different stages are different, and the control is continuously carried out by stages. Under the premise of ecological
protection, the research on control technology and the con-

struction of control projects are carried out to provide construction ideas and technical support for sand-control engineering in the ecological barrier project in Tibet.
(2) Continuously carrying out experiment and demonstration construction of control projects. The demonstration
project for the comprehensive control of sandy desertification
land in the middle reaches of ―one river and two tributaries,‖
the demonstration project for grassland ecological protection
in the northern Tibetan Plateau, the demonstration project for
the return of grazing land to grassland in Ngari Plateau and
the urban ecological protection, and the ecological engineering construction of sandbreak forest in the Three-river
Valley in southern Tibet should be continuously conducted.
In particular, the later-stage management, operation, and
maintenance of the demonstration projects should be emphasized to keep sustainable development.
(3) Conducting a new round of surveys on sandy desertification land in Tibet. Various technologies and methods can
be used to obtain the latest and accurate data of sandy desertification land in Tibet and ensure the accuracy and effectiveness of desertification combating in Tibet.
(4) Introducing information technology and carrying out
located monitoring to regulate shifting dunes block by block.
The shifting dunes in Tibet are relatively concentrated. The
sand land area is relatively small, but the harm is very serious.
The monitoring of shifting dune (sand land) by 3S technologies, i.e., remote sensing, global positioning systems, and
geography information systems, should be established, and
the located monitoring system should be developed to focus
on the control of the dune (sand land) so that the shifting dune
(sand land) will gradually evolve into fixed sand land. At the
same time, modern information technology should be introduced to serve the sandy desertification control, ecological
environment construction, resource exploitation and utilization, disaster prevention and early warning, and other aspects
to play the role of emergency response and prevention.
(5) Combining the control of sandy desertification land
with major ecological projects and targeted poverty alleviation. The control of sandy desertification land should be
closely combined with ecological projects, such as returning
farmland to forests, returning grazing land to grassland, water
and soil conservation, natural forest protection, natural
grassland protection, and shelterbelt construction, as well as
the animal husbandry development projects in agricultural
regions. In addition, it should be closely integrated and coordinated with the targeted poverty alleviation and common
prosperity of Tibetan farmers and herdsmen, so as to explore
a path of desertification combating–ecological construction–ecological industry development–income increase and
prosperity of farmers and herdsmen, make scientific and
technological contributions to the stability and prosperity of
Tibet, and ensure the blue sky, green land, and clear water of
the ―last pure land in the world.‖
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